New mechanism of radiation emitted at channeling of a relativistic particle in a crystal is studied. Superposition of coherent radiation of the atoms in a crystal lattice which are excited by a channeling particle and radiation of the channeling particle itself is considered. It is shown that coherent radiation of the chain of oscillating atoms forms a resonance peak on the background of radiation of the channeling particle.
because they are exited by the same channeling particle. This can lead to sufficient 23 amplification of radiation intensity .
24
Assumption on radiation of this kind was expressed recently in [7] . It was shown that 25 radiation of an atomic chain is collimated in direction of the channeling particle velocity.
26
But proper radiation of the channeling particle was not taken into account. Actually, 27 the field of radiation should be calculated as a superposition of fields generated both by 28 channeling particle and excited atoms.
29
In this paper we study the field of vibrating atoms in some more details and calcu-30 late angular distribution of radiation resulting from superposition of fields produced by 31 channeling particle and by atoms. In section 2 we discuss some features of radiation 32 field of atomic chain which were not studied in [7] . Next section presents calculation of 33 the net field produced by channeling particle and excited atoms. We discuss the ratio 34 of radiation intensity caused by vibrating atoms and by channeling particle. Angular 35 distribution of radiation is plotted.
36
2. Field of the atomic chains exited by a channeling particle
37
Electric field E a (t) of vibrating atoms in far zone is given by equation (30) in [7] . We 38 rewrite this equation in a complex form
for t ≤ Lk and
for t > Lk. Here
V is the mean velocity of the channeling particle, β = V /c, c is the speed of light, e 42 is the charge of the channeling particle, m is the mass of atom, 2D is the width of the factor.
51
Further we consider only this part of radiation. Taking the real part of equation (1) 52 we obtain This field has some features typical for the field of relativistic charged particle though the 3. Superposition with the field of channeling particle
63
Radiation of the vibrating atoms is emitted at the same frequency Ω ′ as the radiation 64 of the channeling particle. And in case of relativistic particle it is concentrated in the 65 same narrow cone around the direction of the particle velocity. Hence, the fields of both 66 sources are correlated and the resulting field must be calculated as superposition of the 67 fields.
68
Let us calculate the radiation field of the channeling particle. Electric field E c of a 69 moving charge e is given by equation [8] :
where v is the velocity of charged particle and β = v/c. Next, we assume that the 
74
Substituting the low of motion x(t) = V t, y(t) = K cos Ωt, z(t) = 0 into (5) we get 75 the electric field components in spherical coordinates defined by Fig. 1 76
The net radiation field E is a vector sum of the fields of atomic chains (4) and of the 77 channeling particle (6). The electric field E a is polarized in a plane which includes axis 78 the resulting field. This yields
where
Factor η shows the relation between the intensity of radiation generated by atoms and 83 radiation emitted by the channiling particle.
84
For an ultra-relativistic particle we have only to consider small angles around the 85 velocity direction and can make the usual approximation, leading to reduced angles
In this approximation (7) and (8) take the form:
where 
E = m e c 2 γ is the energy of the channeling particle, m e is its mass. Substituting all this 92 into expression for η we get 93 η ≈ qm e emγ .
If the channeling particle is a proton, the charge of nucleus is q = Ze and mass of nucleus 94 is m = 2Ze, then η ≈ γ −1 . But we have to take into account the resonant character of 95 the last term in equation (9). Substituting Ω ′ = 1 into (9) we see that the ratio of last 96 term to the first one is of order
Hence, in case of heavy channeling particle and low attenuation the radiation intensity 98 of the atomic string can be comparable with radiation intensity of the channeling particle.
99
The resonance condition
can be fulfilled only if 2γ 2 Ω/ω > 1.
101
As an example we have plotted angular distribution of radiation intensity
using formula for the field components (9) and (10). We put η = 10 −2 , γ = 100, 
107
We see that the main part of radiation intensity is the radiation of the channeling 
Conclusion

114
At first glance, radiation of atoms exited by a channeling particle and vibrating in 
126
For example, this paper has not reviewed thermal vibrations of atoms. These can be 127 taken into account by adding random oscillations to the regular harmonic oscillations.
128
This will cause additional background in intensity of radiation. Evidently, the momentum 
